Background: Radiofrequency ablation (RFA) and microwave ablation (MWA) are the most common thermal ablation methods. Studies evaluating the effectiveness of these techniques have been carried out in recent years. Objectives: Evaluation of local therapeutic effectiveness of imaging guided percutaneous thermal ablation methods, short-middle term radiologic and clinical outcomes and to compare the effectiveness of treatment between two MWA and RFA methods.
Background
Hepatocellular carcinoma (HCC), a primary liver cancer, is the third most common cause of death due to cancer worldwide and the fifth most common cancer (1, 2) . HCCs are usually in end stage when diagnosed and the 5-year survival without treatment is under 5% (3) . As surgery is the primary treatment method, imaging guided percutaneous tumor ablation could be considered as an alternative method for curative treatment in specially selected patient groups (4) (5) (6) .
The most commonly used thermal ablation methods are radiofrequency ablation (RFA) and microwave ablation (MWA). These methods are based on the formation of coagulation necrosis by heat effect in tissues. RFA has been accepted as the most common thermal ablation method in the world because of 80-95% total tumor necrosis in early stage HCC and 5-year survival rates of 33-57% (7) . MWA therapy is a new technique that has many advantages, such as higher intratumoral temperature, improved heat release, optimal heating in cystic masses and a wider ablation volume compared to RFA technology widely used in the world (8, 9) . Studies comparing these two thermal ablation methods in HCC treatment are carried out by various groups.
Patients and Methods

Case Selection and Patients
Between January 2012 and January 2015, 40 patients; 12 females (30%) and 28 males (70%) who had at least 6 months of follow up were included. All procedures were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Written informed consent was obtained from all patients before the procedure.
The mean age of the patients ranged from 42 to 79 years with a median age of 64 years. In 31 cases only one lesion, in seven cases, two lesions and in two cases three lesions were observed. The lesion diameters ranged from 8 to 49 mm (mean 25.8 mm, median 25 mm) (≤ 2 cm, n = 28; 2-3 cm, n = 22; ≥ 3 cm, n = 20)
In the first application, 51 lesions were ablated. In follow-ups, 19 lesions were ablated, three of which relapsed, 14 of which were recurrences and two of the remaining lesions were residual tumor tissue. Twelve of the cases had 2 sessions and three had 3 sessions of thermal ablation. The remaining 25 patients underwent single-seated thermal ablation. Of the 40 cases included in the study, 20 were RFA and 20 were MWA.
Patients who had adequate liver tissue remaining after ablation, lesions sized less than 5 cm, maximum three lesions, and no non-hepatic metastatic lesions were included in the study. The lesions adjacent to the venous structures were operated, but lesions adjacent to the main bile ducts were not considered suitable for the procedure to prevent possible bile path damage. Twenty-five (62.5%) of the cases were Child-Pugh stage A, eight (20%) were Child-Pugh stage B, and seven (17.5%) were Child-Pugh stage C. All of the ablation procedures were performed percutaneously.
Technique
In six patients whose lesions were not seen with ultrasonography (USG), the procedure was performed under CT guideline.
All interventional procedures were performed in the 'Interventional Radiology Unit' at a supine or supine oblique position relative to the localization of the lesion, under sedation applied by anesthesiologists, following routine surgical sterilization procedures, after 8 hours of fasting. Vital markers and oxygen saturation were monitored during the procedure. The procedures were performed by a single radiologist with 14 years of experience in interventional radiological procedures. All procedures were routinely performed under general anesthesia.
RF
For the RF ablation procedure, 'RITA Starburst Talon' (RITA Medical Systems, Angiodynamics Inc.) thermal ablation electrode and RITA model 1500X generator were used. Electrodes of 14 G in diameter and 15 cm in length were preferred in our study (Figure 1 ). This electrode has 4 active needle electrodes and 1 active trocar.
This system is an infusion-based system that accelerates heat conduction. Because of the alternating current flow during RFA, pallets were attached to the front of both thighs for 'earthing' before the procedure.
After installation of the ablation electrode in a suitable position percutaneously through intercostal, subcostal or epigastric approach with imaging; needles that were inserted into the trocar opened to cover the lesion and adjacent parenchyma about 1 cm in diameter. Subsequently, the electrode was connected to the 150 W power generator and ablation started by setting the target temperature at 105°C. During the process, the temperature was controlled by temperature gauges at the electrode tips, and the impedance was also checked on the chart on the generator. In this way, the process was more under control. During the process, the target temperature was reduced manually when necessary to prevent carbonization.
After the ablation was terminated, if the measured temperature was above 60°C for 30 seconds, the process was terminated but the ablation was continued for an additional 5 minutes if the control temperature was lower.
MW
For the MW ablation procedure, Acculis microwave tissue ablation system consisting of Accu2i pMTA applicator (Acculis MTA System, Angiodynamics Inc.), Sulis VpMTA Generator, optional MTA Temperature Probes, Acculis Local Control Station (LCS) was used. In our work we used a microwave generator with a power of 60 -140 W with 2.45 GHz frequency and a microwave antenna with a thickness of 1.8 mm (approx. 15 G) and a length of 14 cm (Figure 2) .
During the procedure, a sterile saline was used with a disposable pump to prevent overheating of the antenna frame and the cable that conducts microwave energy.
The microwave exit point (feed point) of the antenna was percutaneously located at the center of the lesion with intercostal, subcostal or epigastric approach. Generator power and ablation time were different for each patient and lesion and adjusted to the lowest power and time to cover the entire lesion, adhering to predetermined protocols of the equipment used.
In order for the ablation to be effective and safe, it was aimed to establish safe treatment limits by forming necrosis in 1 cm diameter peritumoral solid tissue. After completion of the ablation period, ablation was continued throughout the trocar tract to remove the risk of tumor eruption.
Obtaining and Evaluating Images
Follow-up of patients was performed by dynamic CT or MRI after one, three, and six months and afterwards in 6-month intervals. Dynamic MR images were obtained using a 3.0 Tesla MR device (MAGNETOM Verio, Siemens Healthcare, Erlangen, Germany).
Dynamic MR images of arterial, portal and late phases were obtained. In addition, hepatobiliary phase images were taken routinely at 20 minutes to ensure optimal evaluation of the bile ducts.
Dynamic CT images were obtained using a 256-section multidetector CT scanner (SOMATOM Definition Flash, Siemens Healthcare, Erlangen, Germany). Parameters were standardized as 120 volts, 210 mAs, cross-sectional thickness 0.6 mm, 0.75 pitch value, 128 × 0.6 mm collimation.
Water-soluble non-ionic iodine contrast agents were applied intravenously with the aid of an automatic pump at a rate of 2 ml / kg for a speed of 3-5 ml / sec. The arterial phase images were taken 25 seconds after the contrast material started to be displayed, the portal phase images were taken after 60 seconds and the late phase images were taken after 110 seconds. Each phase was designed to last 6 seconds to provide acceptable soft tissue contrast.
Images were stored in 'Picture archiving and communication system' (PACS) and evaluated by two specialists using high resolution monitors (Tattoo 3 Megapixel Medical Monitor LCD), who were unaware of the details of the ablation procedure, different from the ablation procedure practitioner, and had 7 and 23 years of experience in abdominal radiology.
Full ablation criteria for CT and MRI were the absence of contrast enhancement around or within the tumor, the smoothness and sharpness of the ablation area boundaries, and the ablation area exceeding the previously determined tumor size. For MRI, apparent diffusion coefficient (ADC) values due to cell necrosis, loss of signal in T2-weighted studies and no diffusion restriction in the diffusion sequence provided additional information in terms of full ablation. The recurrence criterion was defined as the detection of newly emerging arterial hypervascularity and lesions showing washout in the portal phase. Residue and relapse criteria were accepted as contrast enhancement in lesions that had to be treated and avascularized due to necrosis just after the treatment and follow-up, respectively.
In patients who develop post-procedural relapse, a new ablation procedure was planned if the current situation did not prevent ablation. Otherwise, the patient's treatment was regulated according to the decisions taken at the HCC board.
Statistical Analysis of Data
IBM SPSS statistics for Windows version 21.0 package program (2012) (Armonk, NY: IBM Corp) was used for statistical analysis.
Descriptive statistics were expressed as mean ± standard deviation (minimum -maximum) or median for continuous variables, and categorical variables were expressed as number of cases and (%).
The survival curves were calculated with the KaplanMeier analysis and compared with the Log-Rank test. The difference between the qualitative categorical variables was assessed by chi-square test. For continuous variables, the Student-t test was applied. Multivariate cox regression analysis was used to determine the factors that were effective on survival.
The results were evaluated at 95% confidence interval, and the results below P < 0.05 were considered statistically significant.
Results
Patient and Lesion Features
Dynamic intravenous (IV) contrast enhanced abdominal CT or MRI one month after treatment showed residual tumoral tissue in three patients (7.5%) and total ablation in 37 patients (92.5%). Follow-up examinations in the 3rd month tumor relapse was detected in two patients (Figure 3A-D) . One patient whose residual tumor tissue was detected died before the planned ablation procedure was performed. Ablations of the remaining patients were scheduled.
During the follow-up period, recurrent HCC lesions were observed in 14 patients. Two of these patients were unable to perform ablation procedure due to recurrence of more than three lesions in the liver, and two patients died before the planned ablation procedure. In the remaining 10, ablation procedures were repeated. Residue tumor tissue was not observed in the examinations performed one month after the procedure. The third ablation procedure was planned for three patients of 10, in whom recurrence was detected again on follow-up. No live tumor tissue was observed after third ablation procedures.
The parameters thought to be effective in the survival between these two groups were compared with chi square (X 2 ) test. There was no statistically significant difference between two groups of patients regarding age, gender, lesion size, AFP values, cirrhosis etiology, number of lesions and Child-Pugh class (Table 1) . In our study, there were seven Child-Pugh class C patients (17.5% of the total patients), while Child-Pugh C patients were excluded from the study almost entirely in the literature. Mean survival times for overall survival were; 32,710 for Child A, 21,000 for Child B, and 15,333 months for Child C. Also mean survival times for Child A, B, and C patients were obtained. They were 20,406, 13,000 and 10,333 for disease free survival; and 21,590, 16,514 and 15,333 for local progression-free survival, respectively. The mean survival of Child C class patients was lower than that of Child A and B, but not statistically significant (P = 0.080 for overall, P = 0.225 disease-free and P = 0.432 for local progressionfree survivals).
Complications and Side Effects
One (2.5%) patient was lost due to the ablation process. Pericardial effusion (thought to be due to anesthesia) was detected. The patient who was removed to the intensive care unit died after one day (Table 2) .
In another patient with Child-Pugh A cirrhosis at 64 years of age, findings consistent with cholangitis and recurrent pneumothorax ( Figure 4A and B) were found after the procedure, accepted as the major complication be- cause it caused changes in the patient's onset and treatment based on the standards of the international interventional radiology society.
In addition, four (10%) patients had right hemithorax pleural effusion, one (2.5%) patient developed subcapsular collection in the liver, two (5%) patients had adjacent gastric wall thickening and one (2.5%) patient had right portal vein thrombosis ( Figure 5A ). The patient who was diagnosed as thrombosis was treated with anticoagulant therapy ( Figure 5B ) and the other patients were treated conservatively. They were accepted as minor complications because the findings regressed.
Complication rates between RF ablation and MW ablation methods were compared. There was no significant difference between the two methods in terms of development of minor complication (X 2 = 1.580; P = 0.209 > 0.05) and major complication (X 2 = 0.017; P = 0.895 > 0.05).
Follow-Up and Short-Mid Term Results
The median follow-up was 12 months and ranged from 1 to 40 months. During follow-up, 14 of the patients were lost. The overall, disease-free and local progression-free survival rates were calculated with Kaplan-Meier analysis for 6 months, 1 year and 2 years separately ( Figure 6 ). Local progression-free survival; was chosen as the predicted survival analysis which showed better efficacy of the ablation procedure than the disease-free survival, which included relapse and residual lesion but without recurrent lesion.
Overall survival rates for 6 months, 1 year and 2 years were 84.6%, 78.7% and 65%, respectively. The mean overall survival time was 29.124 months. The mean duration of disease-free survival was 17.973 months. disease-free survival rate was 76.3%; the one-year diseasefree survival rate was 55.2% and the 2-year disease-free survival rate was 33%. Local progression-free survival rates for 6 months, 1 year and 2 years were 78.9%, 76.2% and 37.3% respectively. The mean overall survival time was 19.876 months.
Overall survival of patients with and without recurrent HCC lesions after treatment was calculated and compared with the Log Rank (Mantel-Cox) test. Estimated mean survival was calculated as 27.230 (± 3.257 SD) months in patients with recurrent lesion development and 28.664 (± 3.642 SD) months in patients without recurrent lesion development. There was no statistically significant difference between the patients with and without recurrent lesions in terms of overall survival (P = 0.253 > 0.05).
According to the size of the lesions, the cases were categorized as three groups, ≤ 2 cm, 2 -3 cm and ≥ 3cm. The effect of lesion size on recurrence rate was searched and was not statistically significant (P = 0.249). Similarly, the effect of lesion size on complication rate was studied and it was not statistically significant. (P = 0.926 for major and P = 0.575 for minor complication).
According to the cox regression model, the overall survival rate in patients with a lesion size of ≥ 3 cm was 13.7 6 Iran J Radiol. times lower. The effect of other risk factors was not significant for overall survival (Table 3 ). For disease-free and local progression-free survivals, gender was statistically significant for both. Other variables were not statistically significant.
Comparison of RF and MW Ablation Methods
In control dynamic scans performed one month after the procedure, full ablation was achieved in 92% of the RF ablation cases and 90% of the MW ablation cases, and the difference between these rates was not statistically significant according to the chi-square method (P = 0.588).
Finally, overall survival, disease-free survival and local progression-free survival rates were compared for two groups with RF and MW ablation that had no differences in patient and lesion characteristics for 6 months and 1 year separately using the chi square (X 2 ) test
The overall survival rate in the RF group for 6-months and 1-year was 75% and 70%, respectively. In the MW group, the overall 6-month survival rate was 90% and the 1-year overall survival rate was 69%. The disease-free survival rate in the RF group for 6-months and 1-year were 75% and 55%, respectively. In the MW group, the disease-free 6-month and one-year survival rate was 65% and 54%, respectively. In the RF group, the local progression-free survival rate for 6-months and 1-year was 75% and 70%, respectively. In the MW group, the local progression-free 6-month survival rate was 75% and the one-year survival rate was 69%.
No statistically significant difference was found between the overall, disease-free and local progression-free survival rates (Table 4) .
Discussion
HCC is the third most common cause of cancer deaths worldwide and the fifth most common cancer (2) . In a study conducted in our country, the etiologic factors for HCC were hepatitis B (44.4%), hepatitis C (21.3%), hepatitis B + D (5%), alcohol (5.9%) and cryptogenic cirrhosis (19.5%) (10) . The distribution of patients in our study is similar to this data, hepatitis B (50%), hepatitis C (27.5%), hepatitis B + D (5%), alcohol (7.5%) and cryptogenic cirrhosis (10%).
Percutaneous ablation methods have emerged in recent years in the treatment of patients who cannot undergo surgical procedures. In one study, it was stated that percutaneous ablation methods had a higher costeffectiveness ratio with surgical approach (11) . In the 1990s, percutaneous ethanol injection was the most commonly used method for this purpose. The inhomogeneous distribution of alcohol due to intratumoral septa and tumoral capsules; led to the search for minimally invasive different methods. Thermal ablation methods developed in recent years have taken place in many centers with ethanol ablation.
With today's developing technology, the efficiency of RF and MW ablation has increased. Several studies have reported that in small HCC lesions, thermal ablation methods provide tumor control and efficacy equivalent to surgical resection (12) (13) (14) (15) .
Another effect that emphasizes thermal ablation methods is that the proportion of effective tumor destruction is high, but the complication rate is lower than that of surgical treatment (16) (17) (18) (19) .
A number of publications comparing RF and MW ablation complication rates are available in the literature. In a study by Shibata and colleagues, the major complication rates of RF and MW ablation procedures were compared and there was no statistically significant difference between the two groups (P = 0.36) (19) . In another study involving 155 patients (78 RFA, 77 MWA) conducted by Zhang et al., pain, fever, asymptomatic pleural effusion and major complication rates were compared between both groups and no significant difference was observed (20) . There- Surveillance studies related to percutaneous thermal ablation treatments have been studied many times in a number of centers. 1-, 3-and 5-year survival rates in small HCC lesions were obtained for MW ablation (83 -96%, 43 -73% and 33 -70%, respectively), and RF ablation (89 -94%, 62 -68% and 33 -40%, respectively) (21) (22) (23) (24) (25) .
The ratios in our study were slightly less than those in the literature. The number of patients and patient selection criteria were considered to be effective in these outcomes. Child C class patients decreased our survival rates, but this was not statistically significant. The detection of acceptable survival rates in Child C class patients also suggested that thermal ablation methods can be used effectively in Child C class patients. Two methods were used in the study of Shibata and colleagues in 72 patients (36 RF, 36 MW); treatment sessions per nodule, total ablation duration, and treatment efficacy were compared. The treatment session per nodule was less in RF ablation than in MW ablation and the ablation duration per session was less than MW ablation in comparison to RF ablation. There was no significant difference in therapeutic efficacy between these two methods. (96% for RF and 89% for MW total ablation rate) (9) . In a study involving 97 patients performed by Xu et al., treatment efficacy, recurrence rates and survival rates were compared and there was no significant difference between the two methods (26) . Another study recently conducted by Zhang and his colleagues on 155 patients (78 RF, 77 MW), total ablation rates, relapse-recurrence rates and 1-, 3-and 5-year survival rates were compared. One-, 3-and 5-year disease-free survival rates were 70.5%, 42.3% and 34.2% for RF ablation and 62.3%, 33.8% and 20.8% for MW ablation respectively. RF ablation was found to be significantly better than MW ablation. No statistically significant difference was found in other components (20) .
Risk factors were compared for both groups, no significant difference was found and two group features were assumed to be equivalent. In the two groups with similar characteristics, total ablation rate after RF ablation was 92% and 90% for MW ablation, and there was no significant difference between the two methods in terms of efficacy of the technique. (P = 0.588) In parallel with the literature, the overall, disease-free and local progression-free survival rates after 6-months and 1-year were compared be- tween RF ablation and MW ablation methods, and no statistically significant difference was found (P > 0.005).
According to the cox regression, similar to some previous studies, we found that the lesion size affected the overall survival. However, it had no effect on the other survival rates. For us this may depend on the success rate of the ablative efficiency of devices that we used.
Additionally, only gender was found statistically significant for disease-free and local progression-free survival. We think that this is related to our patient count and an it is insignificant finding.
There have been limitations in our study. The number of patients was found to be less than the studies in the literature and the relatively short duration of follow-up have been identified as the most important limitations. In addition, additional manipulations to achieve total ablation per session and the total time spent per session for RFA and MWA were not compared. Finally, studies similar to that in the literature, a single RF ablation electrode type and MW ablation antenna were compared. It was thought that this could lead to incomplete information in comparing the technical and technological characteristics of the two methods.
In conclusion, similar complication rates, tumoral ablative efficacy and survival rates were observed between percutaneous RF and MW ablation methods and there was no statistically significant difference between the two methods. Because of the use of electrodes and antennas for both methods, these results cannot be generalized for RF and MW ablation technology. However, the systems we used in our study and the results we found provide additional information on other studies and are also helpful in using the right method. 
